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(54) Name of the Invention: Balloon Parison 

(57) Summary 

Problem: The invention consists of a balloon parison for stable production of balloon catheters using a 
biaxial blow molding process of polyamide elastomer balloons which will not fail to expand, do not burst at 
the time of inflation, and after molding do not develop tears, cracks, pin holes, indentations or other 
external visual irregularities. 

Solution: A balloon parison with a tensile strength of >2.9 x 10 2 MPa and <3.4 x 10 2 MPa. 
CLAIMS 

Claim 1: A balloon parison manufactured from polyamide elastomer with a tensile strength of >2.9 x 10 2 
MPa and <3.4 x 10 2 MPa, to be used for balloons. 

Claim 2: A balloon with the characteristic that it is manufactured in a biaxial blow molding process using 
the balloon parison referred to in Claim 1. 

Claim 3: The balloon as referred to in Claim 2, and the manufacturing method of this balloon, with the 

characteristic that during the biaxial blow molding stage, the balloon is stretched in axial direction to a 

magnitude of >2.0 and <4.0 of the balloon parison, and in diametrical direction to a magnitude of >2.4 and 

<3.4 of the balloon parison. 

Detailed Description of the Invention 

[0001] 

Technical field of the invention: The present invention is a balloon parison for the purpose of the 

manufacture of the balloons that are used in balloon catheters. 

[0002] 

Prior art: In angioplasty procedures (such as PTA: percutaneous transluminal angioplasty, or PTCA: 
percutaneous transluminal coronary angioplasty), in the case of a lesion or obstruction that has formed in 
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blood vessels such as arteries, the obstructed or narrowed vessel section is dilated in order to restore the 
blood flow to the downstream area of the vessel. This procedure is frequently performed in numerous 
medical institutions, and constitutes a generally accepted treatment for conditions of this kind. 
[0003] 

Balloon catheters are frequently used for dilation of lesions in the coronary artery, and in that case are 
used as part of a set, also including a guiding catheter and a guidewire. In angioplasties using a balloon 
catheter, the tip of the guiding catheter is inserted through an incision in the femoral artery, the thoracic 
artery, the radial artery etc., advanced through the aorta and placed at the edge of the entrance to the 
coronary artery. Then, a guidewire passing through a balloon catheter is advanced through the lesion, 
the balloon catheter is advanced over the guidewire, and the balloon on the balloon catheter (hereafter 
the "balloon") is placed inside the lesion and inflated, which dilates the lesion, after which the balloon is 
deflated, and removed from the body. However, use of balloon catheters is not limited to treatment of 
arterial lesions: it has many medical applications, including advancement into arteries and advancement 
into various cavities. 
[0004] 

Balloons are usually manufactured by means of biaxial blow molding of a single lumen tube. The single 
lumen tubes used for the manufacture of balloons are called balloon parisons. Balloon parisons are 
usually manufactured by means of extrusion of heat-resistant plastic resin. 
[0005] 

In the extrusion process, the shape of the dies, the temperature settings of the extrusion machine, the 
output volume, the speed at which the balloon parison is pulled out, the internal air pressure etc. 
constitute the extrusion parameters, and enable the producer to obtain a balloon parison of the required 
size. 
[0006] 

In the field of PTCA catheters, the cycle for model changes is very short, and since the shape of the 
balloons tends to change frequently, it is necessary to determine the shape and the biaxial blow molding 
parameters for the balloon parison accordingly. 
[0007] 

Whenever the biaxial blow molding parameters are changed, the product sometimes fails to form 
because it refuses to expand, or bursts at the time of expansion. Even after the balloon has been 
molded, the frequency of cracks or formation of pinholes in the balloon surface is high, and the rejection 
rate is considerable. 
[0008] 

Problem addressed by the invention: The present invention consists of a balloon parison that allows for 
stable biaxial blow molding production of balloons in order to solve the above problem. 



2 



[0009] 

Method for solution of the problem: After intensive research to find a method to resolve the 
aforementioned problems, it was found that the number of defective products during the biaxial blow 
molding process is reduced when using a balloon parison made of polyamide elastomer with a tensile 
strength of >2.9 x 10 2 MPa and <3.4 x 10 2 MPa, and that in this manner, a stable balloon can be 
produced. 

[0010] When, during biaxial blow molding, the balloon is stretched in axial direction at a magnitude of >2.0 
and <4.0 times that of the balloon parison, and is stretched in diametrical direction at a magnitude of >2.4 
and <3.4 times that of the balloon parison, the balloon manufacturing process is further stabilized. 
[0011] 

Actual embodiment of the invention: Here follows a detailed description of the invention. Figure 1 is an 
abbreviated drawing of the extrusion device used for production of the balloon parisons. The extrusion 
device consists of an extrusion machine, a cooling tank, and an intake device. 

[0012] The tensile strength of the balloon parison can be controlled using the extrusion parameters 
(output volume, distance between dies and water tank, intake speed). 

[0013] The following is a description of the polyamide elastomer used for the present invention; however, 
the invention is not limited to this material. The polyamide elastomer used for the invention is a block 
compound consisting of hard segments and soft segments. Ideally, a block compound consisting of hard 
polyamide segments and soft polyether segments is used. For the hard segment polyamide material, 
either, polyamide 6, 6-6, 6-10, 6-12, 11, or 12 may be used, but polyamide 12 is ideal. For the soft 
segment polyether material, either polyethylene glycol, polypropylene glycol, polytetramethylene glycol 
etc. may be used; polytetramethylene glycol is the material of preference. The hardness of polyamide 
elastomer can be selected based on the resilience required for the balloon, but ideally lies within a range 
of Shore D 25-72, and more precisely within a narrow range of Shore D 50-72. 

[0014] The following is a description of the tensile strength. The tensile strength is defined in JIS 
Standard K7113, and consists of the tensile stress compared to the amount of deformation within a 
certain tensile comparison range. Measurements of the tensile response were performed in a room with 
a controlled environment, with a temperature of 23°C, and a humidity of 50%. The measuring device was 
an AG 2000 autograph (Shimazu brand). A balloon parison with a length of 300 mm was fastened using 
two chucks at a distance of 50 mm of each other, and was stretched in the axial direction of the balloon 
parison at a set speed of 50 mm/min. The "distance of 50 mm" between the chucks was the distance 
between the lower edge of the upper section of the tensile strength testing device and the upper edge of 
the lower section of the tensile strength testing device enclosing the balloon parison. The balloon parison 
was fastened in this manner, taking care there was no slack. The inner diameter of the balloon parisons 
used for the test was measured using a pin gauge, and the outer diameter was measured using a 
external diameter measuring laser sensor. 
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[0015] The tensile strength test is a destruction test, and is was therefore not possible to use the 
measured test objects as such for the blow molding process to obtain balloons. Therefore, we used 5 
balloon parisons from one lot for tensile strength measurement, and used the average measurement 
obtained in this manner as the tensile strength value for other balloon parisons from the same lot. The 
tensile strength measured for the balloon parisons in the present experiment was >2.9 x 10 2 MPa and 
<3.4 x 10 2 MPa. If the tensile strength is lower than 2.9 x 10 2 MPa, draw-down occurs during the heating 
stage of the balloon molding process, and molding is difficult. If the tensile strength is higher than 
3.4x10 2 MPa, cracks appear in the balloon surface during the longitudinal stretching phase of the 
balloon manufacturing process, the product failure rate increases, and there is increased risk of bursting 
of the balloon catheter inside the vessel during treatment procedures. 

[0016] A tensile strength of >3.0 x 10 2 MPa and <3.2 x 10 2 MPa is ideal. When balloons are molded 
using balloon parisons with a tensile strength of >3.0 x 10 2 MPa and <3.2 x 10 2 MPa, the product failure 
rate is reduced even further. 

[0017] The balloons of this invention are produced by biaxial blow molding in an installation like the one 
depicted in Figure 2. A balloon parison of the appropriate material and of the appropriate diameter and 
thickness (11) is guided into a metal mold (12); the axial stress changes of the balloon section of the 
balloon parison (13) are monitored using a device such as a force gauge (14); the fasteners (15), (16) 
holding the balloon parison (11) are moved along the axis and in a direction opposite of that of the balloon 
over a slide table (17); at the same time (or before, or after) the expansion liquid (18) is injected into the 
balloon parison. Using the total of these actions, biaxial blow molding takes place and a balloon is 
produced. The stretching actions may be performed separately, or the various stages may be further 
subdivided. 

[0018] Ideally, during biaxial blow molding, the balloon is stretched in axial direction to a size of >2.0 and 
<4.0 times that of the balloon parison, and stretched in diametrical direction to a size of >2.4 and <3.4 
times that of the balloon parison. If the axial direction stretching magnitude is less than 2.0, the balloon 
obtained from balloon parisons with a stable shape as obtained through extrusion tends to be too thick for 
practical use; if the magnitude is more than 4.0, cracks appear frequently during balloon molding. If the 
diametrical direction stretching magnitude is less than 2.4, some sections often do not stretch, resulting in 
an uneven exterior appearance, and if the stretching magnitude is more than 3.4, the occurrence of tears 
during balloon molding increases. 

[0019] The stretching magnitude in axial direction is a value that was based on measurements performed 
at the moment when markers that, before stretching in axial direction occurred, had already been placed 
in the balloon parison, on the main body of the balloon and on the exterior of both ends, had started to 
decrease in diameter and begun to taper. The stretching magnitude in diametrical direction is the value 
expressed as (balloon diameter at the moment the balloon was expanded by fluid in non-stretched state) / 
(balloon parison diameter). However, unless special conditions prevail, the "balloon diameter at the 
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moment the balloon was expanded by fluid in non-stretched state" may be substituted with the value for 
the diameter of the mold used for biaxial stretching of the balloon. 

[0020] Balloon catheters with balloons manufactured using the balloon parisons of this invention may be 
used in various spaces and blood vessels in the human body t and especially in the coronary artery, the 
blood vessels of hand and feet, the blood vessels of the kidneys, the liver etc. 
[0021] 

Embodiment: The following is a more detailed description using the embodiment of the invention and 
comparative examples, but does not constitute a limitation of the invention. 

[0022] (Embodiment 1) Extruding polyamide elastomer PEBAX7033 (produced by Elf Atochem) using a 
single axis 25 mm extrusion device, and using the extrusion parameters as depicted in Table 1, balloon 
parisons with an external diameter of 1.18 mm and an internal diameter of 0.58 mm were obtained. 
Measuring the tensile strength of these balloon parisons, the average value as measured in 5 samples 
was found to be 3.2 x 10 2 MPa. After biaxial blow molding of these balloon parisons in a metal mold with 
a diameter of 3.5 mm, kept at a constant temperature of 110°C, balloons with an external diameter of 
3.5 mm and a wall thickness of 20 micrometer were produced (in the embodiment, the stretching 
magnitude in axial direction was 3.5, and the stretching magnitude in diametric direction was 3.0). Ten of 
the balloons produced underwent a visual inspection. In this inspection, no tears, cracks, pinholes or 
other external defects were found. As depicted in Table 1, no external defects such as cracks etc. were 
found in any of the balloons, and the success rate was 100%. 

[0023] (Embodiment 2): Identical to Embodiment 1, and using the extrusion parameters as depicted in 
Table 1 , balloon parisons with an external diameter of 1 .18 mm and an internal diameter of 0.58 mm were 
obtained. Measuring the tensile strength of these balloon parisons, the average value as measured in 5 
samples was found to be 3.3 x 10 2 MPa. After biaxial blow molding of these balloon parisons in a metal 
mold with a diameter of 3.5 mm, kept at a constant temperature of 110°C, balloons with an external 
diameter of 3.5 mm and a wall thickness of 20 micrometer were produced (in this embodiment, the 
stretching magnitude in axial direction was 3.5, and the stretching magnitude in diametric direction was 
3.0). Identical to Embodiment 1, 10 of the balloons produced underwent a visual inspection. As depicted 
in Table 1, almost no external defects such as cracks etc. were found in the balloons; the success rate 
was 90%. 

[0024] (Embodiment 3): Identical to Embodiment 1, and using the extrusion parameters as depicted in 
Table 1 , balloon parisons with an external diameter of 1 .18 mm and an internal diameter of 0.58 mm were 
obtained. Measuring the tensile strength of these balloon parisons, the average value as measured in 5 
samples was found to be 3.0 x 10 2 MPa. After biaxial blow molding of these balloon parisons in a metal 
mold with a diameter of 3.5 mm, kept at a constant temperature of 110°C, balloons with an external 
diameter of 3.5 mm and a wall thickness of 20 micrometer were produced (in the embodiment, the 
stretching magnitude in axial direction was 3.5, and the stretching magnitude in diametric direction was 
3.0). Identical to Embodiment 1, 10 of the balloons produced underwent a visual inspection. As depicted 
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in Table 1 , almost no external defects such as cracks etc. were found in any of the balloons; the success 
rate was 90%. 

[0025] (Embodiment 4): Using the balloon parisons produced in Embodiment 1 (external diameter of 
1.18 mm, internal diameter of 0.58 mm, tensile strength 3.2 x 10 2 MPa), and placing them in a metal mold 
with a diameter of 3.5 mm, kept at a constant temperature of 1 10°C, balloons with an external diameter of 
3.5 mm and a wall thickness of 20 micrometer were produced using biaxial blow molding (in this 
embodiment, the stretching magnitude in axial direction was 4.2, and the stretching magnitude in 
diametric direction was 3.0). Identical to Embodiment 1, 10 of the balloons produced underwent a visual 
inspection. In 3 of the balloons, constrictions were found in the tapered section. The success rate was 
70%. 

[0026] (Embodiment 5) Using the conditions used in Embodiment 1 and using the extrusion parameters 
depicted in Table 1, balloon parisons with an external diameter of 1.00 mm, and an internal diameter of 
0.46 mm were produced. Measuring the tensile strength of these balloon parisons, the average value as 
measured in 5 samples was found to be 3.2 x 10 2 MPa. After biaxial blow molding of these balloon 
parisons in a metal mold with a diameter of 3.5 mm, kept at a constant temperature of 110°C, balloons 
with an external diameter of 3.5 mm and a wall thickness of 20 micrometer were produced (in this 
embodiment, the stretching magnitude in axial direction was 3.5, and the stretching magnitude in 
diametric direction was 3.5). Identical to Embodiment 1, 10 of the balloons produced underwent a visual 
inspection. Two of the balloons burst during biaxial blow molding, and 2 more balloons showed pinholes. 
The success rate was 60%. 

[0027] (Comparative example 1): Using the conditions in Embodiment 1 and using the extrusion 
parameters depicted in Table 1, balloon parisons with an external diameter of 1.18 mm, and an internal 
diameter of 0.58 mm were produced. Measuring the tensile strength of these balloon parisons, the 
average value as measured in 5 samples was found to be 3.8 x 10 2 MPa. After biaxial blow molding of 
these balloon parisons in a metal mold with a diameter of 3.5 mm, kept at a constant temperature of 
110°C, balloons with an external diameter of 3.5 mm and a wall thickness of 20 micrometer were 
produced (in this embodiment, the stretching magnitude in axial direction was 3.5, and the stretching 
magnitude in diametric direction was 3.0). Identical to Embodiment 1, 10 of the balloons produced 
underwent a visual inspection. Almost all of the balloon surfaces showed lateral cracks in longitudinal 
direction. The success rate was 20%. 

[0028] (Comparative example 2): Using the conditions used in Embodiment 1 and using the extrusion 
parameters depicted in Table 1, balloon parisons with an external diameter of 1.18 mm, and an internal 
diameter of 0.58 mm were produced. Measuring the tensile strength of these balloon parisons, the 
average value as measured in 5 samples was found to be 2.6 x 10 2 MPa. After biaxial blow molding of 
these balloon parisons in a metal mold with a diameter of 3.5 mm, kept at a constant temperature of 
110°C, balloons with an external diameter of 3.5 mm and a wall thickness of 20 micrometer were 
produced (in this embodiment, the stretching magnitude in axial direction was 3.5, and the stretching 
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magnitude in diametric direction was 3.0). During the biaxial blow molding process, draw-down occurred 
in 5 of the 10 balloons and molding could not take place. Identical to Embodiment 1, 5 of the balloon 
catheters produced underwent a visual inspection. In the balloons that were successfully molded, no 
cracks or other defects were observed. The success rate was 50%. 
[0029] 

Effects of the Invention: As described above, when the tensile strength of the balloon parisons of the 
present invention is >2.9 x 10 2 MPa and <3.4 x 10 2 MPa, production defects at the time of biaxial blow 
molding of the balloon are zero, and the balloon manufacturing process is stabilized. 



Table 1: 
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Embodiment 1 


220 


15.7 


6 


13.2 


1.18/0.58 


3.2 


3.5 


3.0 


100 


Embodiment 2 


220 


12.5 


8 


10.5 


1.18/0.58 


3.3 


3.5 


3.0 


90 


Embodiment 3 


220 


13.3 


6 


11.1 


1.18/0.58 


3.0 


3.5 


3.0 


90 


Embodiment 4 


220 


15.7 


6 


13.2 


1.18/0.58 


3.2 


4.2 


3.0 


70 


Embodiment 5 


220 


17.0 


8 


13.2 


1.00/0.46 


3.2 


3.5 


3.5 


60 


Comp. 
example 1 


220 


30.0 


6 


25.1 


1.18/0.58 


3.8 


3.5 


3.0 


20 


Comp. 
Example 2 


220 


13.4 


15 


11.2 


1.18/0.58 


2.6 


3.5 


3.0 


50 



Note: This is an illustration of the extrusion parameters used for the balloon parisons used in the embodiments and the comparative 
examples. The table shows the results of measurement of the average tensile strength of the balloon parisons, and the results of 
visual inspection of the balloon exterior. 



Brief explanation of the illustrations: 

Figure 1: Schematic drawing of the extrusion installation used for the balloon parisons in the present 
invention. 

Figure 2: Schematic drawing of the balloon catheter production installation of the present invention. 
Legend: 

1 . Extrusion Device 

2. Dies 

3. Cooling Tank 

4. Feeder 

5. Control Panel 

6. Spool 

11. Balloon Parison 

12. Mold 

13. Balloon Molding Section of Balloon Parison 

14. Monitoring Device 

15. Chuck 

16. Chuck 

17. Slide Table 

1 8. Pressurizer 
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[Amendment of Proceedings] 
[Filing Date]: June 12, 2001 
[Amendment 1] 

[Name of Amendment Document] Detailed description 

[Subject of Amendment Document] Scope of invention for which patent is sought 
[Amendment Method] Update 
[Amendment Contents] 

[Scope of Invention for which Patent is Sought] 

[Claim 1] A balloon parison manufactured from polyamide elastomer with a tensile strength of >2.9 x 10 2 
MPa and <3.4 x 10 2 MPa, to be used for balloons. 

[Claim 2] A balloon with the characteristic that it is manufactured in a biaxial blow molding process using 
the balloon parison referred to in Claim 1. 

[Claim 3] The balloon as referred to in Claim 2, and the manufacturing method of this balloon, with the 
characteristic that during the biaxial blow molding stage, the balloon is stretched in axial direction to >2.0 
and <4.0 times the size of the balloon parison, and in diametrical direction to >2.4 and <3.4 times the size 
of the balloon parison. 

rClaim 41 The manufacturing process of the balloon as referred to in Claim 2. with the characteristic that 
during the biaxial blow molding stage, the balloon is stretched in axial direction to >2.0 and <4.0 times the 
size of the balloon parison, and in diametrical direction to >2.4 and <3.4 times the size of the balloon 
parison. 

[Translator's note: Text continued from front in source doc has been moved to front.] 
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